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Atrazine Loss in Runoff from No-Tillage and Chisel-Tillage Systems
on a Houston Black Clay Soil

D. J. Pantone,* K. N. Potter, H. A. Torbert, and J. E. Morrison, Jr.

ABSTRACT

Herbicide concentration and mass load of runoff depends, to a
large extent, on soil management. This study was conducted to deter-
mine how tillage impacts herbicide losses in runoff from a vertisol
soil on the Blackland Prairie of Texas. Atrazine [6-chloro-N-ethyl-N'-
(1-methylethyl)-1,3,5-triazine-2,4-diamine] was applied at a rate of 2
kg a.i. ha=! to a Houston Black clay soil (fine, montmorillonitic,
thermic Udic Pellustert) in 1993 at the Blackland Research Center in
Temple, TX. For 4 yr, the test area was under continuous management
using a wide-bed system with a wheat (Triticum - aestivum L.), corn
(Zea mays L.), and grain sorghum [Serghum bicolor (L.) Moench]
rotation. Tillage treatments consisted of no-tillage or chisel-tillage. All
experiments were repeated four times. A rainfall simulator with an
intensity of 12.5 cm h ~! was used to apply rainfall 24 h after the atrazine
application. Sediment and runoff samples were collected during five
time periods (from runoff initiation to S, 5 to 10, 10 to 20, 20 to 30,
and 30 to 40 min). No differences in atrazine concentrations were
found among treatments in either the runoff water or sediment from
any of the five time periods; however, crop residues prevented surface
seal development and erosion resulting in reduced runoff and sediment
losses. No-tillage treatments significantly reduced runoff and sediment
yield, rather than the atrazine concentration of the runoff, resulting
in a 42% decrease of the atrazine load in the runoff and a 77% decrease
in atrazine associated with the sediment. As a percentage of the
total amount applied, runoff accounted for <2% of the atrazine.
Sediment-transported atrazine was much less important and repre-
sented <0.03% of the total amount applied.

ERBICIDES are an important component of zero and

minimum tillage soil management systems. By us-
ing chemical weed control, mechanical weed control by
tillage can be minimized and make no-tillage systems
practical (Morrison et al., 1990). Although these systems
can help reduce erosion and decrease energy inputs, the
increased herbicide load is of concern with respect to
nonpoint source pollution.

Many studies have shown reduced soil erosion and
runoff volume with conservation tillage systems (Laflen
et al., 1978; Potter et al., 1995). Herbicide runoff,
however, is more complex; some studies have reported
reduced transport with conservation tillage (Triplett et
al., 1978; Wauchope, 1978), whereas others have re-
ported increased transport (Gaynor et al., 1995; Sauer
and Daniel, 1987). For example, Gaynor et al. (1995)
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observed a 30% increase in herbicide concentration in
runoff with conservation tillage as compared with con-
ventional tillage; however, uncontrolled environmental
factors, such as timing and intensity of rainfall, were
more important than tillage with respect to herbicide
transport. If a herbicide is relatively insoluble and highly
adsorbed to soil colloids, losses in the runoff and sediment
may be reduced by conservation tillage systems (Daniel
et al., 1989; Wauchope, 1978). Herbicide runoff for
chemicals such as atrazine with somewhat greater solubil-
ities (Erickson and Lee, 1989) and relatively small ad-
sorption affinities (Clay and Koskinen, 1990; Weber,
1970) may be reduced, increased, or unchanged by re-
duced tillage systems (Gaynor et al., 1995; Glenn and
Angle, 1987; Sauer and Daniel, 1987; Triplett et al.,
1978).

In many studies, herbicide concentration in runoff was
highest in those samples taken soon after runoff initiation,
decreasing rapidly, and leveling off at a much lower
concentration (Hall et al., 1983; Pantone et al., 1992;
Wauchope and Leonard, 1980). Pantone et al. (1992)
observed a strong fit between the atrazine concentration
and the natural logarithm of the time after the rainfall
began. Similarly, herbicide concentration is typically
greatest in those rainfalls that occur soon after herbicide
application, and the greater the period of time between
application and the rainfall, the lower the concentration
in the runoff (Baker and Johnson, 1979; Gaynor et al.,
1992; Pantone et al., 1992; Triplett et al., 1978). Triplett
et al. (1978) found a consistent relationship between the
natural logarithm of herbicide concentration in runoff
and the natural logarithm of the number of days after
herbicide application.

Pesticide concentration is not the only index of pesti-
cide runoff. Pesticide mass load, the total amount of
pesticide transported, is also important. Often, short-term
effects are best evaluated by concentrations; whereas,
pesticide load can be a better estimate of the long-term
biological consequences (Daniel et al., 1989). Pesticide
concentrations are not necessarily correlated with pesti-
cide loads (Baker and Johnson, 1979) as rainfalls that
result in large volumes of runoff may tend to dilute the
pesticide concentration, while maintaining or increasing
the pesticide load. In a study by Kenimer et al. (1987),
atrazine was applied in conventional and no-tillage sys-
tems, each with three residues levels (0, 750, and 1500
kg ha™!). In both tillage systems, runoff and sediment
losses decreased with increased residue cover. Interest-
ingly, atrazine concentrations were higher with no-tillage
but mass loads were less.

Although studies have indicated that most of the atra-
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